Comprehensive Chiral Spectroscopy of Compounds and its Application Research by 李丹
 
  
                              
学
校
编
码
：
10
38
4 
  
  
  
  
  
  
  
  
  
  
  
 分
类
号
__
__
__
_密
级
 _
__
__
_ 
学
号
：
20
52
01
30
15
38
12
  
  
  
  
  
  
  
  
  
  
  
  
U
D
C
 _
__
__
_ 
 
 
博
  
士
  
学
  
位
  
论
  
文
 
化
合
物
的
集
成
手
性
光
谱
及
其
应
用
研
究
 
C
om
pr
eh
en
siv
e 
C
hi
ra
l S
pe
ct
ro
sc
op
y 
of
 C
om
po
un
ds
 a
nd
 it
s A
pp
lic
at
io
n 
R
es
ea
rc
h 
李
 丹
 
指
导
教
师
姓
名
：
 章
 
 
慧
 
教
授
专
业
名
称
：
 无
  
机
  
化
  
学
论
文
提
交
日
期
：
 2
0
1
7
年
 
 
 
月
论
文
答
辩
日
期
：
 2
0
1
7
年
 
 
 
月
学
位
授
予
日
期
：
 2
0
1
7
年
 
 
 
月
  
答
辩
委
员
会
主
席
：
  
  
  
  
  
 
评
  
  
阅
  
  
人
：
  
  
  
  
  
 
  
20
17
年
  
 月
  
化
合
物
的
集
成
手
性
光
谱
及
其
应
用
研
究
            李  丹             指导
教
师
: 章  慧  教
授          厦
门
大
学
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
 
Doctor Dissertation 
 
 
Comprehensive Chiral Spectroscopy 
of Compounds and its Application Research 
 
 
Dan  Li 
 
 
Supervisor 
Prof. Hui Zhang 
 
 
Department of Chemistry, Xiamen University, Xiamen, 361005 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
厦门大学学位论文原创性声明 
 
本人呈交的学位论文是本人在导师指导下,独立完成的研究成
果。本人在论文写作中参考其他个人或集体已经发表的研究成果，均
在文中以适当方式明确标明，并符合法律规范和《厦门大学研究生学
术活动规范（试行）》。 
另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
资助，在（               ）实验室完成。（请在以上括号内填写课
题或课题组负责人或实验室名称，未有此项声明内容的，可以不作特
别声明。） 
本人声明该学位论文不存在剽窃、抄袭等学术不端行为，并愿意
承担因学术不端行为所带来的一切后果和法律责任。 
 
声明人  （签名）： 
指导教师（签名）： 
 
          年   月   日 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
厦门大学学位论文著作权使用声明 
 
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办
法》等规定保留和使用此学位论文，并向主管部门或其指定机构送交
学位论文（包括纸质版和电子版），允许学位论文进入厦门大学图书
馆及其数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国
博士、硕士学位论文共建单位数据库进行检索，将学位论文的标题和
摘要汇编出版，采用影印、缩印或者其它方式合理复制学位论文。 
本学位论文属于： 
（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 
（     ）2.不保密，适用上述授权。 
（请在以上相应括号内打“√”或填上相应内容。保密学位论文
应是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密
委员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认
为公开学位论文，均适用上述授权。） 
 
 
                             声明人（签名）： 
年   月   日 
 
厦
大
学
博
硕
士
论
文
摘
要
库
  
目   录 
中文摘要 ....................................................................................................................... I 
英文摘要 ...................................................................................................................... II 
论文中有关化合物的名称、简称及结构式………………………………………..III  
第一章 绪  论 ............................................................................................................. 1 
1.1 手性研究的重要性 .......................................................................................... 1 
1.2 手性立体化学及手性光谱技术的应用 ......................................................... 2 
1.2.1 手性聚集诱导发光化合物的研究........................................................ 3 
1.2.2 手性席夫碱金属络合物的研究............................................................ 8 
1.2.2.1 手性 salen 金属络合物的各种手性层次 ................................... 9 
1.2.2.2 手性席夫碱金属络合物的 VCD 光谱研究 ............................. 10 
1.2.3 手性药物及天然产物研究................................................................... 11 
1.3 获得手性化合物的途径 ............................................................................... 15 
1.3.1 高效液相色谱分离.............................................................................. 15 
1.3.2 自发拆分.............................................................................................. 16 
1.4 结晶过程中的同质多晶现象 ....................................................................... 18 
1.4.1 同质多晶现象及其研究意义.............................................................. 18 
1.4.2 外消旋体结晶的三种方式.................................................................. 19 
1.5 本论文的选题依据、研究目标和研究内容 ............................................... 20 
参考文献 ..................................................................................................................... 25 
第二章 手性光谱的理论基础及仪器原理简介 ....................................................... 33 
2.1 量子化学计算基础研究 ................................................................................ 33 
2.2 分子光谱的基础研究 .................................................................................... 34 
2.2.1 分子运动与其能级结构....................................................................... 34 
2.2.2 分子光谱的研究................................................................................... 35 
2.2.3 电子圆二色光谱.................................................................................. 36 
2.2.3.1 ECD 光谱的原理........................................................................ 36 
2.2.3.2 ECD 光谱的 Cotton 效应关联法 ............................................... 39 
2.2.4 振动圆二色光谱.................................................................................. 39 
2.2.4.1 VCD 光谱的理论基础 ............................................................... 40 
2.2.4.2 VCD 光谱的理论模拟 ............................................................... 41 
2.2.4.3 VCD 光谱仪 ............................................................................... 42 
2.2.4.4 VCD 光谱的测试 ....................................................................... 43 
2.2.5 圆偏振发射光谱.................................................................................. 44 
2.2.5.1 CPL 光谱的基本原理 ................................................................ 44 
2.2.5.2 CPL 光谱的研究进展 ................................................................ 45 
2.2.6 手性拉曼光谱...................................................................................... 46 
2.2.6.1 ROA 光谱的基本原理 ............................................................... 46 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
2.2.6.2 ROA 光谱的研究进展 ............................................................... 47 
2.3 激子耦合理论 ................................................................................................ 49 
2.4 本章小结 ........................................................................................................ 53 
参考文献 ..................................................................................................................... 54 
第三章 含多苯基手性 AIE 化合物绝对构型的确定 .............................................. 59 
3.1 引言 ............................................................................................................... 59 
3.1.1 固体 ECD 光谱测试中浓度效应的发现............................................ 59 
3.1.2 “手性 AIE 化合物绝对构型确定”问题的提出 .................................. 64 
3.2 实验部分 ....................................................................................................... 69 
3.2.1 仪器与试剂........................................................................................... 69 
3.2.2 固体和溶液 ECD 光谱表征................................................................ 69 
3.2.3 固体和溶液 VCD 光谱表征 ............................................................... 70 
3.2.4 单晶 X 射线衍射 ................................................................................. 70 
3.2.5 粉末 X 射线衍射谱 ............................................................................. 70 
3.2.6 ECD 和 VCD 光谱计算方法 ............................................................... 70 
3.3 结果与讨论 ................................................................................................... 71 
3.3.1 TPE、cis-BETPE、TETPE 绝对构型的确定 .................................. 71 
3.3.1.1 TPE、cis-BETPE、TETPE 的结构特征 .................................. 71 
3.3.1.2 手性晶体 TPE、cis-BETPE、TETPE 的挑选 ........................ 72 
3.3.1.3 TPE、cis-BETPE、TETPE 的 XRD 谱分析 ............................ 72 
3.3.1.4 TPE、cis-BETPE、TETPE 的固体 ECD 光谱分析 ................ 73 
3.3.1.5 TPE、cis-BETPE、TETPE 的 VCD 光谱 ................................ 79 
3.3.1.6 特征 ECD、VCD 指纹应用于手性 TPE 衍生物绝对构型指认
................................................................................................................. 81 
3.3.2 TPEQBN、TMTPE、HPS 绝对构型的确定 ................................... 84 
3.3.2.1 TPEQBN 的 ECD 光谱研究 ...................................................... 84 
3.3.2.2 TMTPE 的 ECD 光谱研究 ........................................................ 87 
3.3.2.3 HPS 的 ECD 光谱研究 .............................................................. 90 
3.4 本章小结 ........................................................................................................ 94 
参考文献 ..................................................................................................................... 95 
第四章 席夫碱络合物的集成手性光谱研究 ......................................................... 100 
4.1 引言 ............................................................................................................. 100 
4.2 实验部分 ...................................................................................................... 102 
4.2.1 仪器与试剂......................................................................................... 102 
4.2.2 系列手性席夫碱金属络合物的合成[18-20]........................................ 102 
4.2.3 固体和溶液 ECD 及 VCD 光谱表征 ............................................... 104 
4.2.4 理论计算............................................................................................ 104 
4.3 实验结果与讨论 ......................................................................................... 105 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
4.3.1 结构分析............................................................................................. 105 
4.3.2 VCD/IR 实验及计算光谱分析 .......................................................... 108 
4.3.3 ECD/UV–vis 实验及计算光谱分析 .................................................. 117 
4.3.4 配体手性、螯环构象对中心金属绝对构型的影响......................... 129 
4.4 本章小结 ..................................................................................................... 133 
参考文献 ................................................................................................................... 134 
第五章 天然产物的集成手性光谱研究 ................................................................. 137 
5.1 引言 ............................................................................................................. 137 
5.2 青蒿素的集成手性光谱研究 ...................................................................... 137 
5.2.1 青蒿素的结构特征............................................................................. 138 
5.2.2 青蒿素的 ECD 光谱研究................................................................... 138 
5.2.3 青蒿素的 VCD 光谱研究 .................................................................. 141 
5.3 二氢杨梅素的集成手性光谱研究 ............................................................. 144 
5.3.1 二氢杨梅素的手性拆分.................................................................... 145 
5.3.2 二氢杨梅素的手性光谱和绝对构型................................................ 146 
5.4 本章小结 ...................................................................................................... 151 
参考文献 ................................................................................................................... 151 
第六章 晶型手性药物的集成手性光谱研究 ......................................................... 152 
6.1 手性药物晶型研究 ..................................................................................... 152 
6.2 晶型手性药物利奈唑胺的集成手性光谱研究 .......................................... 153 
6.2.1 手性药物利奈唑胺两种晶型的结构特征........................................ 153 
6.2.2 手性药物 LNZA 两种晶型的固体 ECD 谱表征 ............................. 155 
6.2.3 手性药物 LNZA 两种晶型的固体 VCD 谱表征 ............................ 160 
6.3 1,4-二氢吡啶类钙离子拮抗剂的 ECD 光谱初探 ..................................... 162 
6.3.1 实验方法............................................................................................ 165 
6.3.1.1 固体和溶液 ECD 光谱表征..................................................... 165 
6.3.1.2 光谱计算方法.......................................................................... 166 
6.3.2 实验结果............................................................................................ 166 
6.3.2.1 尼莫地平的 ECD 光谱分析.................................................... 166 
6.3.2.2 氨氯地平的 ECD 光谱分析.................................................... 170 
6.3.2.3 非洛地平的 ECD 光谱分析.................................................... 173 
6.3.2.4 尼群地平的 ECD 光谱分析.................................................... 175 
6.3.2.5 地平类化合物在溶液中的多构象探讨.................................. 177 
6.4 本章小结 ...................................................................................................... 178 
参考文献 ................................................................................................................... 180 
第七章 全文工作总结 ............................................................................................. 182 
在学期间发表论文 ................................................................................................... 184 
致  谢 ....................................................................................................................... 186
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
Contents 
Chinese Abstract .......................................................................................................... I 
English Abstract .......................................................................................................... II 
Name, Abbreviation and Structure of Compounds in the Paper.………………..III 
Chapter 1 Introduction ................................................................................................ 1 
1.1 The Importance of Chirality Research ......................................................... 1 
1.2 Chiral Stereochemistry and the Application of Chiral Spectroscopy ........ 2 
1.2.1 Study on Chiral Aggregation-induced Emission Compounds ................ 3 
1.2.2 Study on Chiral Schiff-base Metal Complexs ......................................... 8 
1.2.2.1 Chiral Layers of Chiral Salen Compounds ................................... 9 
1.2.2.2 VCD Research of Chiral Schiff-base Metal Complexs .............. 10 
1.2.3 Study on Chiral Drugs .......................................................................... 11 
1.3 Methods to Get Chiral Compounds ............................................................ 15 
1.3.1 High-performance Liquid Chromatographic Separation ...................... 15 
1.3.2 Spontaneous Resolution ........................................................................ 16 
1.4 The Polymorphism Phenomenon of Crystallization Process .................... 18 
1.4.1 Phenomenon and its Study Values ........................................................ 18 
1.4.2 Three Crystallization Methods of Racemate ......................................... 19 
1.5 The Basis, Objectives and Research Contents of This Thesis ................... 20 
Reference .................................................................................................................... 25 
Chapter 2 Theoretical Basis and the Instrument Principle of Chiral Spectrum . 33 
2.1 Basic Research of Quantum Chemistry ...................................................... 33 
2.2 Basic Study on Molecular Spectroscopy ..................................................... 34 
2.2.1 Molecular Activity and its Energy Level .............................................. 34 
2.2.2 Study on Molecular Spectroscopy ........................................................ 35 
2.2.3 Electronic Circular Dichromatic Spectrum ........................................... 36 
2.2.3.1 Introduction of ECD Spectrum ................................................... 36 
2.2.3.2 Cotton Effect of ECD Spectrum ................................................. 39 
2.2.4 Vibrational Circular Dichromatic Spectrum ......................................... 39 
2.2.4.1 Theoretical Basis of VCD Spectrum ........................................... 40 
2.2.4.2 Theoretical Simulation of VCD Spectrum .................................. 41 
2.2.4.3 VCD Spectrometer ...................................................................... 42 
2.2.4.4 VCD Measurements .................................................................... 43 
2.2.5 Circularly Polarized Luminesence Spectrum ........................................ 44 
2.2.5.1 Theoretical Basis of CPL Spectrum ............................................ 44 
2.2.5.2 Reseach Progress of CPL spectrum ............................................ 45 
2.2.6 Raman Optical Activity Spectrum ........................................................ 46 
2.2.6.1 Theoretical Basis of ROA Spectrum ........................................... 46 
2.2.6.2 Reseach Progress of ROA Spectrum .......................................... 47 
2.3 Exciton Coupling Theory ............................................................................. 49 
2.4 Summary ........................................................................................................ 53 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
Reference .................................................................................................................... 54 
Chapter 3 Absolute Configuration Determination of Aggregation Induced 
Emission Compounds ................................................................................................ 59 
3.1 Introduction ................................................................................................... 59 
3.1.1 The Discovery of Concentration Effect in Solid State ECD  ............... 59 
3.1.2 Propose the Issue “Absolute Configuration Dertermination of AIE” ... 64 
3.2 Experimental Section .................................................................................... 69 
3.2.1 Instruments and Reagents ..................................................................... 69 
3.2.2 Solid and Solution State ECD Spectral Characterization ..................... 69 
3.2.3 Solid and Solution State VCD Spectral Characterization ..................... 70 
3.2.4 Single Crystal X-ray Diffraction ........................................................... 70 
3.2.5 Powder X-ray Diffraction ..................................................................... 70 
3.2.6 The Calculation Methods of ECD and VCD Spectroscopy .................. 70 
3.3 Result and Discussion ................................................................................... 71 
3.3.1 Absolute Configuration Determination of TPE, cis-BETPE, TETPE .. 71 
3.3.1.1 Structural Characterization of TPE, cis-BETPE, TETPE ........... 71 
3.3.1.2 Chiral Crystal Selection of TPE, cis-BETPE, TETPE ................ 72 
3.3.1.3 XRD Analysis of TPE, cis-BETPE, TETPE ............................... 72 
3.3.1.4 VCD Spectral Analysis of TPE, cis-BETPE, TETPE................. 73 
3.3.1.5 VCD Spectral Analysis of TPE, cis-BETPE, TETPE................. 79 
3.3.1.6 Application of the ECD/VCD Featured Peaks of TPE-core ....... 81 
3.3.2 Absolute Configuration Determination of TPEQBN, TMTPE, HPS .... 84 
3.3.2.1 ECD Spectral Analysis of TPEQBN........................................... 84 
3.3.2.2 ECD Spectral Analysis of TMTPE ............................................. 87 
3.3.2.3 ECD Spectral Analysis of HPS ................................................... 90 
3.4 Summary ........................................................................................................ 94 
Reference .................................................................................................................... 95 
Chapter 4 Comprehensive Chiral Spectroscopic Study of Schiff-base 
Compounds ............................................................................................................... 100 
4.1 Introduction ................................................................................................. 100 
4.2 Experimental Section .................................................................................. 102 
4.2.1 Instruments and Reagents ................................................................... 102 
4.2.2 The Synthesis of Chiral Schiff-base Metal Complexes ...................... 102 
4.2.3 Solid and Solution State ECD and VCD Spectral Characterization ... 104 
4.2.4 Theoretical Calculation ....................................................................... 104 
4.3 Result and Discussion ................................................................................. 105 
4.3.1 Structural Analysis .............................................................................. 105 
4.3.2 Experiment and Theoretical VCD and IR Spectroscopy Analysis ..... 108 
4.3.3 Experiment and Theoretical ECD and UV-vis Spectroscopy Analysis
...................................................................................................................... 117 
4.3.4 The Influence of Ligand Chirality and Chelating Ring Conformation on 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
the Absolute Configuration of Central Metal ............................................... 129 
4.4 Summary ...................................................................................................... 133 
Reference .................................................................................................................. 134 
Chapter 5 Comprehensive Chiral Spectroscopic Study of Natural Product...... 137 
5.1 Introduction ................................................................................................. 137 
5.2 Comprehensive Chiral Spectroscopic Study of Artemisinin .................. 137 
5.2.1 The Structural Characteristics of Artemisinin ..................................... 138 
5.2.2 Study on the ECD Spectroscopy of Artemisinin ................................. 138 
5.2.3 Study on the VCD Spectroscopy of Artemisinin ................................ 141 
5.3 Comprehensive Chiral Spectroscopic Study of Dihydromyricetin ........ 144 
5.3.1 Chiral HPLC Resolution of Dihydromyricetin ................................... 145 
5.3.2 Chiral Spectroscopy and Absolute Configuration of Dihydromyricetin
...................................................................................................................... 146 
5.4 Summary ...................................................................................................... 151 
Reference .................................................................................................................. 151 
Chapter 6 Comprehensive Chiral Spectroscopic Study of Crystal chiral Drug 152 
6.1 Study of Crystal chiral Drug ...................................................................... 152 
6.2 Comprehensive Chiral Spectroscopic Study of Linazolamide................ 153 
6.2.1 The Structural Characteristics of the Chiral Drug LNZA ................... 153 
6.2.2 Solid State ECD Spectroscopy Analysis of the Two Crystalline Forms 
of LNZA....................................................................................................... 155 
6.2.3 Solid State VCD Spectroscopy Analysis of the Two Crystalline Forms 
of LNZA....................................................................................................... 160 
6.3 Comprehensive Chiral Spectroscopic of Calcium Ion 
Antagonist(1,4-DHPs) ....................................................................................... 162 
6.3.1 Experimental Method .......................................................................... 165 
6.3.1.1 Solid and Solution State ECD Spectral Characterization ......... 165 
6.3.1.2 Theoretical Calculation of Spectra ............................................ 166 
6.3.2 Experimental Result ............................................................................ 166 
6.3.2.1 ECD Spectral Analysis of Nimodipine ..................................... 166 
6.3.2.2 ECD Spectral Analysis of Amlodipine ..................................... 170 
6.3.2.3 ECD Spectral Analysis of Felodipine ....................................... 173 
6.3.2.4 ECD Spectral Analysis of Nitrendipine .................................... 175 
6.3.2.5 Multiple configuration of Dipine in solution ............................ 177 
6.4 Summary ...................................................................................................... 178 
Reference .................................................................................................................. 180 
Chapter 7 Conclusion .............................................................................................. 182 
List of Publication .................................................................................................... 184 
Acknowledgement .................................................................................................... 186
厦
门
大
学
博
硕
士
论
文
摘
要
库
 I 
摘  要 
学科交叉是当代科学发展的大趋势，处于学科交叉立交桥地位的手性科学，
不仅在化学和医药领域不可或缺，而且在材料、环境和生命科学等领域也有重要
应用。其中，手性光谱是进行手性立体化学研究的必备利器，近年来，采用集成
的手性光谱[电子圆二色(ECD)、振动圆二色(VCD)、圆偏振发射(CPL)、手性拉
曼(ROA)]技术确定手性化合物的绝对构型，已然成为一种主流方法。本文应用
集成的ECD和VCD光谱技术，结合晶体结构分析和密度泛函理论(DFT)、含时
密度泛函理论(TDDFT)计算，对手性聚集诱导发光(AIE)化合物和手性席夫碱金
属络合物的手性立体化学结构、ECD和VCD光谱以及绝对构型关联进行了深入
研究，探讨了它们在固态和溶液中的绝对构型和优势构象，同时对手性药物及
天然产物进行了一定探究。本论文各章节的主要构成为： 
第一章为绪论，综述了集成手性光谱在手性AIE化合物、手性席夫碱金属络
合物、手性药物等研究领域的应用，着重关注了与本论文相关的同质多晶、镜面
对称性破缺现象和阻转异构的机理，简单介绍了获取手性化合物的方法，最后，
提出本论文的选题依据和研究目标。 
第二章主要综述ECD、VCD、CPL、ROA等手性光谱的原理和应用，简要介
绍了密度泛函、含时密度泛函和激子耦合理论，分别对四种手性光谱技术的原理、
测试方法和应用范围作出详细分析。 
第三章以手性AIE化合物TPE、cis-BETPE、TETPE、TPEQBN、TMTPE、
HPS为研究对象，采用固体ECD、VCD光谱结合晶体结构分析和DFT、TDDFT
理论计算对这六种含多苯基化合物的螺旋手性立体化学特征进行了深入研究，首
次发现并提出在ECD和VCD光谱中均有特征指纹区，可用于指认这类具有特征
TPE核/HPS核化合物的螺旋手性绝对构型(构象)。 
第四章采用ECD、VCD光谱结合DFT、TDDFT理论计算，对手性席夫碱Ni(II)、
Cu(II)、Mn(III)、Co(II)络合物及若干salen配体等化合物的金属中心绝对构型、碳
手性、螯环构象手性等立体化学结构进行了深入研究。  
第五章和第六章分别以天然产物青蒿素、二氢杨梅素，晶型手性药物利奈唑
胺以及1,4-二氢吡啶类(1,4-DHPs)衍生物为研究对象，利用固体和溶液ECD/VCD
光谱结合理论计算对它们进行了表征分析。期望为未来手性药物及天然产物中有
效对映体和手性晶型的质量监控提供值得借鉴的思路和方法。 
第七章为全文工作总结。 
关键词：集成手性光谱；电子圆二色(ECD)光谱；振动圆二色(VCD)光谱；理论
计算；绝对构型关联 
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Abstract 
Interdisciplinarity is the trend of modern scientific development. As the 
overpass in the cross-disciplines, chirality plays an important role not only in the 
fields of chemistry and medicine, but also in the materials, environment and life 
sciences. In recent years, using comprehensive chiral spectroscopy [electronic 
circular dichroism (ECD), vibrational circular dichroism (VCD), circularly 
polarized luminescence (CPL) and  raman optical activity (ROA)] to determine 
the absolute configurations of chiral compounds, has become a mainstream method. 
In this thesis, focusing on the chiral aggregation induced emission (AIE) 
compounds and chiral Schiff base metal complexes, we employ the comprehensive 
ECD/VCD spectroscopy combined with the crystal structure analysis and density 
functional theory (DFT)/time-dependent density functional theory (TDDFT) 
theoretical calculations to analyze their chiral stereochemical structures, absolute 
configuration correlation rules with ECD/VCD methods and dominant confor- 
mations in solid and solution states. We also conduct some preliminary studies of 
the stereochemical properties of chiral drugs and natural products. The main 
components of this thesis are presented as follows: 
The first chapter is the introduction. The applications of comprehensive chiral 
spectroscopy in the field of chiral AIE compounds, chiral Schiff base metal 
complexes and chiral drugs are summarized. We focus on the polymorphism, mirror 
symmetry breaking phenomenon and the mechanism of atropisomer, and briefly 
introduce the methods to obtain chiral compounds. Finally, the topic basis and 
research objectives of this thesis are put forward. 
In the second chapter, we review the principles, measuring methods and 
applications of ECD, VCD, CPL and ROA spectroscopy and introduce the DFT, 
TDDFT and exciton coupling theory in brief. 
In the third chapter, TPE, cis-BETPE, TETPE, TPEQBN, TMTPE and HPS 
are selected as the research objects. The solid state ECD and VCD spectra combined 
with crystal structure analysis and DFT/TDDFT calculations are used to deeply study 
the helical chirality of these six polyphenyl compounds. We first propose the 
characteristic ECD/VCD spectral peaks in the fingerprint regions to correlate to the 
helical chirality of the TPE core/HPS core. 
In the fourth chapter, the comprehensive ECD/VCD spectra armed with 
DFT/TDDFT calculation are utilized to study the stereochemical structures of chiral 
Schiff base Ni(II), Cu(II), Mn(III), Co(II) complexes and salen ligands. Their 
stereochemical structures include the absolute configuration of the central metal, 
carbon chirality and chirality of chelating ring conformations. 
In the fifth and sixth chapters, we take advantage of the comprehensive solid and 
solution ECD/VCD spectroscopy as well as theoretical calculations to characterize the 
stereochemical properties of natural products (artemisinin and dihydromyricetin),  
crystalline drugs linezolid and 1,4-dihydropyridine (1,4-DHPs) derivatives. It is 
expected that this work can provide a worthy inspiration or method for the future 
quality controls of the effective enantiomers and chiral crystals in chiral drugs or 
natural products. 
In the seventh chapter, the full text is summarized. 
Key words: Comprehensive chiral spectroscopy; Electronic circular dichroism (ECD) 
spectroscopy; Vibrational circular dichroism (VCD) spectroscopy; Theoretical 
calculations; Absolute configuration correlation 
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论文中有关化合物的名称、简称及结构式 
简 称 中英文名称 (缩写) 结构式 
1 cyclohexane-1,2-diamine 
(1,2-chxn) 
H2N NH2  
2 1,2-diaminopropane (1,2-pn) 
H2N NH2  
3 1,2-diphenylethylenediamine 
(1,2-dpen) 
Ph Ph
H2N NH2  
4 3,5-di-tert-butyl-2-hydroxy- 
benzaldehyde (bsal) 
CHO
OH
t
 BuBut  
5 tetraphenylethene 
(TPE) 
 
6 
1,2-bis-(4-ethynylphenyl)- 
1,2-Diphenylethene 
(cis-BETPE) 
 
7 
1,4-bis-(4-ethynylphenyl)- 
1,2-Diphenylethene 
(trans-BETPE) 
 
8 tetrakis(4-ethynylphenyl)ethylene
(TETPE) 
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 IV 
9 TPEQBN N
B
Me
Me
 
10 tetramethoxy-tetraphenylethene 
(TMTPE) 
 
11 Hexaphenylsilole 
(HPS) Si
PhPh
Ph Ph
Ph Ph  
12  [Cu(bsal-R,R(S,S)-chxn)] N
O
N
O
tBu
Bu
Bu
tBu
Cu
* *
t
t  
13 [Cu(bsal-R(S)-pn)] 
N
O
N
O
tBu
Bu
Bu
tBu
Cu
*
t
t  
14 [Cu(bsal-R,R(S,S)-dpen)] 
Ph
N
O
N
O
tBu
Bu
Bu
tBu
Ph
Cu
* *
t
t  
15 [Ni(bsal-R,R(S,S)-chxn)] 
N
O
N
O
tBu
Bu
Bu
tBu
Ni
* *
t
t  
16 [Ni(bsal-R(S)-pn)] 
N
O
N
O
tBu
Bu
Bu
tBu
Ni
*
t
t  
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 V 
17 [Ni(bsal-R(S)-pn)] 
Ph
N
O
N
O
tBu
Bu
Bu
tBu
Ph
Ni
* *
t
t  
18 [MnCl(bsal-R,R(S,S)-chxn)] 
N
O
N
O
tBu
Bu
Bu
tBu
Mn
* *
t
t
Cl
 
19 [Co(bsal-R,R(S,S)-chxn)] 
N
O
N
O
tBu
Bu
Bu
tBu
Co
* *
t
t  
20 bsal-R,R(S,S)-chxn 
N
HO
N
OH
tBu
Bu
Bu
tBu
* *
t
t  
21 bsal-R(S)-pn 
N
HO
N
OH
tBu
Bu
Bu
tBu
*
t
t  
22 bsal-R,R(S,S)-dpen 
Ph
N
HO
N
OH
tBu
Bu
Bu
tBu
Ph
* *
t
t  
23 Nimodipine (NMD) 
N
H
O
O
O
O
O
NO2
*
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 VI 
24 Amlodipine (ALD) 
N
H
CO2Et
O
NH2
Cl
*
O
O
 
25 Felodipine (FLD) 
N
H
COOCH2CH3H3COOC
H3C CH3
Cl
Cl
*
 
26 Nitrendipine (NQD) 
N
H
H3COOC
H3C CH3
NO2
O CH3
O
*
 
27 
(S)-N-[[3-(3-fluoro-4-morpholino-
phenyl)-2-oxooxazolidin-5-yl] 
methyl]-acetamide-II (LNZA-II) 
O N N
O
N O
O
F
H
28 
(S)-N-[[3-(3-fluoro-4-morpholino-
phenyl)-2-oxooxazolidin-5-yl] 
methyl]-acetamide-III (LNZA-III)
O N N
F
O
O
N
O
H
 
29 青蒿素 Artemisinin 
O
O
O
O
CH3
H
CH3
H3C
H
CH3
O  
30 二氢杨梅素 dihydromyricetin 
O
OH
OH
OH
HO
OH O
OH
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
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1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
